exposed coastlines are also of interest because at many sites they have been subject to very little human disturbance, thus natural processes have not been influenced by human management practices. This paper is an investigation into the vegetation patterns in the coastal fringe forests, adjacent peatlands, and the peatland-forest ecotone of a section of the southern Central Coast of British Columbia. The exposed coastlines of the region have been very poorly explored botanically, so the objectives of this study were (1) to identify the major plant communities along the transition from forest to peatland, and (2) to identify major environmental factors associated with those communities.
Study Area
The study area is a 30-km stretch of the southern central coast of British Columbia between Seymour Inlet and Smith Sound (51°02'N 127°31'W to 51°13'N 127°55'W). The region is provincially classified as the Coastal Western Hemlock biogeoclimatic zone (Pojar et al. 1991) , and nationally as the Coastal Gap ecoregion of the Pacific Maritime ecozone (Marshall and Schut 1999*) . The peatlands have traditionally been described as slope bog communities in the Pacific Oceanic Wetland Subregion (Banner et al. 1988) , though more recent work indicates that many sites receive nutrients from groundwater sources and therefore should be considered poor fens (Vitt et al. 1990 ).
The coastline is rugged, with a mixture of rocky cliffs, boulder beaches, and occasional sand beaches facing Queen Charlotte Strait. The land typically rises from the shore with moderate to steep slopes, but quickly flattens into rolling uplands dotted with bedrock outcrops. Substrates are typically intrusive igneous rock (Ryder 1978) , and the soils moist to wet Ferro-Humic Podzols that rarely freeze in winter (Jungen and Lewis 1978) . The climate is cool, wet, and windy. At the Egg Island light station (51°15'N 127°50'W) mean annual temperature is 8.2°C and mean annual precipitation is 2484 mm (Atmospheric Environment Service 1982*). Mean monthly temperature is lowest in January (3.4°C) and highest in August (13.4°C). Mean monthly precipitation ranges from 82 mm in July to 366 mm in December. Even in January only 10% of the precipitation falls as snow.
Methods

Field
Vegetation sampling for this study was carried out in the summer of 1999 along transects extending inland from 19 shoreline sites selected to represent a range of coastal features and wave exposure levels for an intertidal biodiversity study (Lamb et al. 2000*) . All sites selected for this study are highly exposed and have low to moderate relief inland. At each study site a 300 m transect was laid out along a compass bearing approximately perpendicular to the shoreline. The shoreward end of the transect was located at the first vascular vegetation above the high tide line. Sampling was carried out at distances of 20 m, 50 m, 100 m, 200 m, and 300 m along the transect. The sampling intensity was greater in the first 100 m to capture the perceived rapid change in forest composition very near the shore. Intervals were increased between quadrats toward the inland end of the transects, where the change in composition was slower, to ensure that the full range of vegetation, from coastal forest to inland peatland, could be sampled in one day. At each location pairs of 2 m by 2 m quadrats were placed 10 m to either side of the transect, for a total of 190 quadrats. Each quadrat was surveyed for bryophytes, herbaceous plants, and shrubs. Vascular plants were identified to species with the exception of some difficult genera such as Carex and Listera; bryophytes were identified to genus with the exception of Hylocomium splendens. Percent cover was estimated using the Braun-Blanquet six-point cover scale (Kent and Coker 1992) . Nomenclature follows Douglas et al. (1998; 2000; 2001; for vascular plants and Schofield (1992) for the bryophytes. Shrubs and small trees included any woody plant less than 5 cm DBH (diameter at breast height). Four trees greater than 5 cm DBH surrounding each plot were sampled using the point-quarter method (Krebs 1989) .
Data Analysis
The overall trends in these data were examined using a Non-Metric Multidimensional Scaling (NMS) ordination. NMS is a non-parametric ordination method well suited to community data because it avoids many of the assumptions about the underlying structure of the data made by traditional ordination methods (Kenkel and Orlóci 1986; McCune and Grace 2002) . The autopilot program in the PC-Ord program (McCune and Mefford 1999) , with the slow and thorough analysis option, Sorenson distance, and the default settings selected, was used for the analysis. Rare species (observed in fewer than five quadrats) were eliminated prior to analysis.
Since four broad vegetation types were subjectively observed during fieldwork, quadrats were classified into four groups using a hierarchical cluster analysis (Ward's Method using Euclidean distance). Ward's method is recommended as an effective classification tool for community data (McCune and Grace 2002) . Species that were significantly more frequent and abundant in each of the four groups of quadrats were identified using Indicator Species Analysis (Dufrêne and Legendre 1997) . Indicator values are calculated by multiplying the relative abundance of each species in a particular group by the relative frequency of the species' occurrence in that group. The significance of the observed indicator values are evaluated using a Monte Carlo simulation of 1000 runs where samples are randomly reassigned to groups and indicator values recalculated. PC-Ord (McCune and Mefford 1999) was used for these analyses.
Tree stem density, mean basal area per stem, and species importance values were calculated for each vegetation type. Tree density and 95% confidence limits were calculated from the Point-Quarter data following Krebs (1989) . The Importance Values for each tree species in each vegetation type were calculated following Kent and Coker (1992) . Importance values are the sum of the relative density (number of individuals of a species/total number of individuals)× 100, the relative dominance (mean basal area per tree of a species× number of trees of that species)/(mean basal area per tree of all species/total number of trees) × 100, and the relative frequency (proportion of plots containing a species) × 100. Ln-transformed mean basal area per stem (of the four stems measured at each plot) was compared between the four vegetation types using an ANOVA followed by a post-Tukey test. Only basal area was compared using ANOVA since the measures of density and Importance Values are aggregate values calculated from all of the plots in a vegetation type, and hence cannot be compared using statistical tests such as ANOVA.
The environmental conditions of the four vegetation types were explored using the spectral method of Indicator Plant Analysis (Klinka et al. 1989) . Indicator plant analysis is based on the observation that many species require very specific environmental conditions and that the presence of a group of species with similar tolerances in high abundance at a site is a strong indication that those conditions prevail at that site. Indicator plant analysis was used as an alternative to costly and labor-intensive soil sample collection and analysis. Indicator species analysis can be used to estimate the soil moisture regime (MOIST), soil nutrient regime (NITR), and the type of ground surface materials present (GSM). Each environmental factor is divided into several categories, or "Indicator Plant Groups"; species with a relatively narrow range of tolerance for that environmental factor are assigned to the appropriate Indicator Plant Group. Species with wide tolerances for a particular factor are generally not used as indicators. Klinka et al. (1989) provide extensive lists of species from coastal British Columbia that fall into the Indicator Plant Groups for each environmental factor.
There are four steps to an indicator plant analysis. First, the mean abundance for each species across all of the quadrats in each vegetation type is calculated. Second, the species are divided into their respective indicator plant groups, and the abundances of all species belonging to each group are summed. Third, the proportion of the total species abundance in each vegetation type that each indicator plant group makes up is calculated. Finally, these proportions are used to estimate the actual range of values that an environmental factor takes in a vegetation type by following the tables and keys provided in Klinka et al. (1989) . A reliability ratio, or the proportion of species in a vegetation type, that are useful as indicators for a particular environmental variable is calculated. A low reliability ratio indicates that many of the species in a community either are generalists or have not been screened for their potential as indicators.
Slope was compared between the coastal forest and the transition and peatland vegetation types. Direct measurements of slope were not taken in the field, so estimates from large-scale topographic maps were used instead. The average percent slope was estimated along each transect from the distance between 20 m contour intervals on 1:20 000 Terrain Resource Inventory Maps (TRIM). Each quadrat was assigned the slope estimated for that segment of the transect. Quadrats that fell on a contour line were assigned the average of the slopes of the segments above and below them. Mean slopes were compared between the four vegetation types using a one-way ANOVA followed by a post-hoc Dunnet's T3 test. Variances were unequal and could not be improved by transformation, so the post-hoc T3 test, which does not assume equal variances, was used instead of a Tukey test (Day and Quinn 1989) .
Results and Discussion
Nineteen sites and 190 quadrats were sampled in the field. The NMS produced a 2-dimensional solution with a final stress of 19.655 (Figure 1) Since the two axes explain a large proportion of the variation in the species data (r 2 =0.825), this ecotone is the major feature of this community.
The cluster analysis divided the quadrats into four groups corresponding to the four vegetation zones subjectively observed in the field (Figure 1) The majority (87%) of the quadrats surveyed 20 m and 50 m from the shore were classified as Fringe Forest. The transition between forest and peatland generally fell between 100 m and 300 m from the shore, while at eleven sites Fringe Forest vegetation was present at the inland end of the transect.
Species that are significantly more frequent and abundant in the understory plant community of one of the four vegetation types are summarized in Table 2 . The Coastal Fringe Forest understory is dominated by a mixture of ericaceous shrubs, ferns, and bryophytes. The plant communities identified in the classification are similar to the south-east Alaska plant communities described by Neiland (1971) . For example, she described a forest community found on steeper slopes fronting the ocean that had many understory species, including Rhytidiadelphus sp. and Vaccinium parvifolium, in common with the Coastal Fringe and Transitional forest types. The Transitional Forest and the Dry Peatland types observed in this study should be classified as types of slope bog (Banner et al. 1988 ), but the frequency of Chamaecyparis nootkatensis in those vegetation types (Table 2; 3) indicates that this classification may be incorrect. C. nootkatensis is an indicator of soligenous fens that receive mineral nutrients from groundwater sources in addition to rain deposition (Vitt et al. 1990) , suggesting that many of the peatlands on the central coast may be poor fens. The species composition of the Wet Peatland community is consistent with the slope bog descriptions in Banner et al. (1988) , and the absence of C. nootkatensis from this vegetation type indicates that this vegetation type should be considered a true bog.
There is a significant decline in mean basal area per stem (F=16.812; P<0.001) from the Coastal Fringe Forest to the peatlands (Figure 2 ). Stem densities, however, are very similar between the Fringe Forest, Transitional Forest, and Dry Peatland vegetation types (Figure 2) . The large confidence intervals around mean basal area in the Transitional Forest, and especially in the Coastal Fringe Forest, reflect the great variation in tree sizes found there. For example, the diameters of the largest individuals of the four major tree species observed were Chamaecyparis nootkatensis (0.65 m), Picea sitchensis (1.67 m), Thuja plicata (1.49 m), and Tsuga heterophylla (1.03 m). Small, suppressed individuals were common in the understory and vigorous saplings were common in canopy gaps. The Dry Peatland supports many of the same tree species as the Transitional forest, but Pinus contorta is much more important. The Wet Peatland vegetation is characterized by scattered "bonsai" Pinus contorta. The Coastal Fringe Forest tree community is more species rich than the other vegetation types, as small numbers of Taxus brevifolia and Malus fusca were sampled there and individuals of two much rarer species, Abies amabilis and Alnus rubra, were encountered.
Indicator plant analysis was performed to estimate the soil moisture regime, soil nutrient regime, and ground surface materials found in the four vegetation types (Table 3 ). The MOIST6 soil indicator group is dominant in all but the Coastal Fringe Forest, indicating an overall wet moisture regime. In the Fringe Forest the MOIST4 group is dominant and the MOIST5 group well represented, indicating a moist soil moisture regime. A moist regime is found on sites where water deficits do not normally occur and the groundwater table is normally between 30 and 60 cm deep or deeper (Klinka et al. 1989) . Species from other indicator plant groups are also found, such as the MOIST2 group solely represented in the Wet and Dry Peatlands by Juniperus communis. Species from the GSM1 group, indicating Mor humus forms, or a layer of compacted organic material greater than 5 cm thick overlying the mineral soil, were present in all four vegetation types. These species were dominant in all but the Wet Peatland type. Species from the GSM5 group, indicating a surface groundwater reliability ratios are low due to the sampling procedure, as many of the species only identified to genus could not be used as indicators. Two genera that were not identified to species, Carex and Sphagnum, are often good indicators of environmental conditions in peatlands (Klinka et al. 1989) . These species made up a substantial proportion of the cover in this study, and their inclusion in the indicator plant analysis would substantially increase the reliability ratios. It is unlikely, however, that the trends in environmental conditions identified in the indicator species analysis would be altered if more species were included. The species of Carex and Sphagnum that we most likely encountered in the peatlands are indicators of conditions similar to those suggested by the forb and shrub species. The most general environmental trend over the forest -peatland transition is an increase in soil moisture levels. This increase correlates with the indications for ground surface materials. Those show a distinct change from the Mor humus forms that dominate the Fringe Forest floor to the surface groundwater table of the Wet Peatland. The only anomaly in the moisture trend is the occurrence of the MOIST2 indicator plant group (moderately to very dry) in the Wet and Dry Peatlands. This group is represented solely by Juniperus communis, and illustrates the environmental heterogeneity found at small scales in these habitats. The lowest areas of the Wet Peatland frequently develop standing pools of water during rainy weather, but among the pools are hummocks and small hillslopes that support Juniperus communis in the otherwise wet habitat. Vitt et al. (1990) found Juniperus in similar raised habitats on the northern British Columbia coast. In contrast to the other environmental factors, there are no clear trends in the soil nutrient regime between the four vegetation types. It is clear that the overall soil nutrient regime in the study area is poor to very poor, but finer differences between the vegetation types cannot be clearly distinguished. The source of water at any particular site in the peatlands (groundwater vs. rainwater) is important (Vitt et al. 1990) , and it is likely that a great deal of small-scale variation within each vegetation type is due to small differences in drainage.
Mean estimated slopes were significantly higher in the Fringe and Transitional forests than in the peatlands (F=3.179; P=0.012) (Figure 3 ). These steeper slopes in the forested vegetation types are in accord with the observations of Zach (1950) and Neiland (1971) . For example, Neiland (1971) found that the mean slope of sites in the coastal forest was approximately 30% with some sites occurring on slopes of up to 60%. In contrast, she found ecotonal bog-forests generally to be on slopes between 15% and 20% to a maximum of 40%, and bogs generally on slopes of less than 10%. Those authors considered increased drainage on the steeper slopes to be the major environmental factor distinguishing forest from peatland vegetation, a conclusion supported by the drier Fringe Forest soils (Table 3) . Better drainage on steeper slopes is clearly not a complete answer, as Banner et al. (1988) report that treed slope bogs can be found on slopes of up to 70%. Soil saturation resulting from Sphagnum development (Lawrence 1958 ) and the development of soil layers that limit drainage (Ugolini and Mann 1979) have been proposed as mechanisms for the conversion of forest to bog along the Pacific Coast. It is likely that long-term successional processes associated with climactic variations and soil changes have a strong influence on the local disposition of forest and peatland vegetation at any particular site. 
